###### Strengths and limitations of this study

-   The findings of the study are from a large representative sample of 9852 older adults from selected Indian states.

-   Non-communicable diseases in this study were self-reported, which is likely to be an underestimate of the actual prevalence in India although it was reported from developed countries that self-reports were reasonably accurate for certain chronic conditions.

-   Even though sampling weights are used in the data analysis, there is a possibility of over-optimistic CIs (too narrow) in some cases due to cluster effect.

Introduction {#s1}
============

The simultaneous occurrence of more than one health condition (multimorbidity) in the same individual especially in the older adults is increasingly becoming the norm.[@R1] Previous studies reported controversial results that multimorbidity was associated with the increased risk of mortality and vice versa.[@R2] A positive association between age and multimorbidity prevalence has also been reported.[@R3] In most studies in the west, multimorbidity was reported to be higher among women.[@R3] Multimorbidity was more prevalent among those with lower socioeconomic status in developed countries,[@R4] [@R6] whereas in developing countries like India, multimorbidity tends to be more prevalent among the wealthier.[@R9]

A few recent studies from different parts of India reported an increasing prevalence of multimorbidity with age.[@R11] For example, the prevalence of multimorbidity in India increased from 1.3% in individuals aged 18--29 years to 30.6% in those aged 70 years and above. India had 104 million older adults population aged 60 years and above according to 2011 census and their number is projected to increase to 133 million by the year 2021.[@R14] A recent study from India reported under-usage of healthcare services by the older adults due to various reasons including discrimination.[@R15] However, there are only limited studies on the pattern and correlates of non-communicable diseases (NCDs) multimorbidity among older adults in India.[@R10] The objective of the present study was to estimate the proportion of older adults with multi morbidity, its correlates and implications in selected Indian states.

Methods {#s2}
=======

We used data collected by the United Nations Population Fund (UNFPA) in the year 2011 on 'Building Knowledge Base on Population Ageing in India'. Using a multistage random sampling this national survey selected seven Indian states based on proportion of elderly aged 60 years and above (given in the bracket) and regional representation: Kerala (10.5%) and Tamil Nadu (8.8%) from the south, Punjab (9.0%) and Himachal Pradesh (9.0%) from the north, Maharashtra (8.7%) from the west and Orissa (8.3%) and West Bengal (7.1%) from the east. From each state 1280 households with older adults were selected. The primary sampling units (PSUs) were villages or urban wards. The PSUs were selected using the probability proportion to population size technique. Eighty PSUs were taken equally from rural and urban areas. The PSUs were then classified into different strata on the basis of population size. Since the list of households with older adults was not available, the details were gathered during the house listing and mapping process. From a list of households having at least one older adult, 16 households were selected randomly from each PSU and all the older adults in the selected households were approached for an interview. The response rate was 92.9%. Detailed methodology was published elsewhere.[@R16]

The sample was equally taken from rural and urban areas, irrespective of the distribution of older people across rural and urban areas and almost same sample size from all the selected states. We performed the analysis after applying sampling weights (We created sampling weights at the individual and household levels for urban and rural areas separately. Then we calculated design weight by adjusting for non-response at both the household and individual level. At the state level we normalised the sample weights in order to obtain standard state weights for the seven states in our study so that the total number of weighted cases was equal to the total number of unweighted cases) since the sampling scheme was distributed disproportionately.

'Has a doctor or nurse ever told you to have the disease?' was the question asked to assess chronic disease morbidity. However, this was not cross-checked with the prescription or any other clinical records. The chronic NCDs considered for the present study were: arthritis (including rheumatism, osteoarthritis and osteoporosis), high-blood pressure, cataract, diabetes, lung disease, heart disease, paralysis, depression, Alzheimer\'s disease, stroke (including cerebral embolism or thrombosis), dementia and cancer. Multimorbidity was defined as the coexistence of at least 2 of these 12 selected NCDs in the same person. All the 12 NCDs considered were combined together with two NCDs as a cluster. Thus a total of 66 clusters were formed. This was used to determine the common clusters of conditions. Hospitalisation was defined as the medical treatment received as inpatient of a hospital at least for 1 day during the past 12 months due to the selected 12 NCDs. Hospitalisation rate was calculated for hospitalisation due to the aforementioned NCDs in the past 1 year.

For the current study, we used the data on demographic characteristics, wealth index, tobacco use, alcohol consumption, prevalence of NCDs and hospitalisation due to NCDs. Educational status was divided into two: no formal schooling (those who did not attend any school) and formal schooling (those who had completed a formal school level education). Ever smoking was defined as smoking at least one cigarette/bidi at some point in one\'s lifetime. Wealth index was calculated based on the asset holdings and amenities within the household and was generated as quintiles of wealth and has been published earlier.[@R16] All these were based on self-reports.

From each state 1280 households with older adults were selected. The set of sample households had at least one older adult aged 60 years or above and all the older adults in the selected households were interviewed. The fieldwork was carried out during May to September, 2011 and a total of 8329 household interviews and 9852 individual interviews were conducted. The response rate was 93%.

The sample was equally taken from rural and urban areas and almost the same sample size from all the selected states. Data were analysed giving sampling weights at the individual and household level for rural and urban areas using SPSS V.17.0 (SPSS , Chicago, Illinois, USA). Separate analysis was performed to find the factors associated with multimorbidity compared to those without any NCD and multimorbidity compared to those with single NCD, using multiple logistic regression analysis. Among those who had at least one NCD, analyses were separately performed to find out the factors associated with hospitalisation due to NCD using multiple logistic regression analysis. The variables considered in the model to determine the factors associated with multimorbidity and hospitalisation were age, sex, educational level, wealth index, ever use of tobacco and ever use of alcohol. Since we used the data collected by UNFPA this study was exempted from ethics clearance by the Institute ethics committee of Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum.

Results {#s3}
=======

The mean age of the study population was 68 years (SD±7.3) and 47% were men. More than half of the older adults (54%) were formally educated and 59% were currently married. Proportion of people living alone was 6%, 15% with spouse and the remaining 79% with others. More than half (52%) were rural residents. Nearly half (49.0%) of the older adults were formally educated. Ever use of tobacco was 45.5% and ever use of alcohol was also 45.5%. Nearly one-fourth (24.2%) of the sample were in the lowest, 61.0% were in the middle and 14.8% were in the highest wealth index group.

Sixty-three per cent of the older adults suffered from at least one NCD. Multimorbidity was seen among 30.7% of older adults. Of those with NCDs, 49% had multimorbidity. Among the elderly with multimorbidity, the most common clusters of conditions were arthritis and high-blood pressure (7.5%), arthritis and cataract (5.3%) and diabetes and high-blood pressure (4.7%).

Chronic NCD morbidity pattern is presented in [table 1](#BMJOPEN2016013529TB1){ref-type="table"}.

###### 

Chronic NCD morbidity pattern in the sample population (N=9852)

  Chronic disease                                                     Percentage reported the disease   Percentage with comorbidity   Comorbidities (Mean±SD)
  ------------------------------------------------------------------- --------------------------------- ----------------------------- -------------------------
  Arthritis (including rheumatism, osteoarthritis and osteoporosis)   30.6                              15.7                          1.8±0.9
  High-blood pressure                                                 21.0                              14.0                          2.1±1.0
  Cataract                                                            12.9                              9.2                           2.2±1.1
  Diabetes                                                            10.1                              7.4                           2.3±1.1
  Lung disease including asthma                                       9.1                               5.9                           2.2±1.2
  Heart disease                                                       5.8                               4.3                           2.4±1.2
  Paralysis                                                           1.8                               1.1                           2.1±1.1
  Depression                                                          1.5                               1.3                           2.9±1.5
  Alzheimer\'s disease                                                1.4                               1.1                           2.8±1.5
  Stroke (including cerebral embolism or thrombosis)                  1.0                               0.8                           2.7±1.3
  Dementia                                                            0.9                               0.8                           3.1±1.5
  Cancer                                                              0.4                               0.3                           2.4±1.4

NCD, non-communicable disease.

Factors associated with multimorbidity compared to those without NCD and compared to those with one NCD based on multiple logistic regression analysis are given in [table 2](#BMJOPEN2016013529TB2){ref-type="table"}.

###### 

Factors associated with multimorbidity: results of multivariate logistic regression analysis

  Variable               Adjusted OR (95% CI)   
  ---------------------- ---------------------- ---------------------
  Age (years)                                   
   60--70                Reference              Reference
   70+                   2.44 (2.19 to 2.71)    1.69 (1.52 to 1.87)
  Sex                                           
   Men                   Reference              Reference
   Women                 1.51 (1.35 to 1.69)    1.13 (1.01 to 1.27)
  Education                                     
   No formal schooling   Reference              Reference
   Formal schooling      0.91 (0.81 to 1.02)    1.16 (1.04 to 1.30)
  Wealth index                                  
   Lowest                Reference              Reference
   Middle                2.03 (1.78 to 2.31)    1.35 (1.18 to 1.54)
   Highest               4.68(3.90 to 5.62)     2.17 (1.81 to 2.59)
  Ever use of tobacco                           
   No                    Reference              Reference
   Yes                   1.22 (1.08 to 1.37)    0.85 (0.76 to 0.95)
  Ever use of alcohol                           
   No                    Reference              Reference
   Yes                   1.53 (1.25 to 1.89)    1.23 (1.01 to 1.50)

\*Multimorbidity is ≥ chronic NCDs.

NCD, non-communicable disease.

Of those who were suffering from the selected NCDs, 5.6% were hospitalised due to the disease in the past 1 year. The mean number of hospitalisation was three for those with one NCD and nine for those with multimorbidity.

Among those who had at least one NCD, factors associated with hospitalisation due to NCD are given in [table 3](#BMJOPEN2016013529TB3){ref-type="table"}.

###### 

Factors associated with hospitalisation: results of age-sex adjusted multiple logistic regression analysis among those with at least one NCD (N=6220)

  ----------------------------------------------------------------------
  Variable                 Hospitalisation\* (%)   Adjusted OR\
                                                   OR (95% CI)
  ------------------------ ----------------------- ---------------------
  Education                                        

   No formal schooling     4.3                     Reference

   Formal schooling        6.6                     1.33 (1.03 to 1.71)

  Ever use of tobacco                              

   No                      4.9                     Reference

   Yes                     6.5                     1.48 (1.15 to 1.90)

  Wealth index                                     

   Lowest                  3.4                     Reference

   Middle                  5.4                     1.46 (1.04 to 2.06)

   Highest                 8.1                     1.99 (1.33 to 2.98)

  Morbidity Pattern                                

   Prevalence of one NCD   3.3                     Reference

   Multimorbidity          7.7                     2.32 (1.82 to 2.95)
  ----------------------------------------------------------------------

Variables included in the model but were not significant were age, sex and ever use of alcohol.

\*Hospitalised within 1 year due to chronic NCD.

NCD, non-communicable disease.

Those with multimorbidity (OR 2.32, CI 1.82 to 2.95), the wealthiest (OR 1.99, CI 1.33 to 2.98), those who had formal education (OR 1.33, CI 1.03 to 1.71) and ever users of tobacco (OR 1.48, CI 1.82 to 2.95) were more likely to be hospitalised compared to their counterparts after adjusting for age, sex and ever use of alcohol.

State wise prevalence (per 1000) of the selected chronic NCDs is presented in [table 4](#BMJOPEN2016013529TB4){ref-type="table"}. The top five conditions were arthritis (305), high-blood pressure (210), cataract (129), diabetes (101) and lung disease including asthma (91).

###### 

Prevalence (per 1000) of chronic NCDs in older adults in selected Indian states

       Diseases                                                            Himachal Pradesh   Punjab   West Bengal   Orissa   Maharashtra   Kerala   Tamil Nadu   Combined
  ---- ------------------------------------------------------------------- ------------------ -------- ------------- -------- ------------- -------- ------------ ----------
  1    Arthritis (including rheumatism, osteoarthritis and osteoporosis)   423                481      222           253      361           175      215          305
  2    High-blood pressure                                                 147                329      238           147      130           397      106          210
  3    Cataract                                                            105                130      162           70       197           207      44           129
  4    Diabetes                                                            59                 123      77            50       69            281      60           101
  5    Lung disease including asthma                                       104                76       42            51       152           175      35           91
  6    Heart disease                                                       32                 83       82            12       20            158      34           58
  7    Paralysis                                                           18                 23       14            25       22            10       13           18
  8    Depression                                                          11                 26       15            11       24            9        12           15
  9    Alzheimer\'s disease                                                20                 4        24            3        40            1        5            14
  10   Stroke (including cerebral embolism or thrombosis)                  9                  3        29            1        6             22       3            10
  11   Dementia                                                            4                  3        3             16       22            10       6            9
  12   Cancer                                                              4                  6        1             1        3             7        4            7

Source: Mini.[@R17]

NCD, non-communicable disease.

Discussion {#s4}
==========

More than 60% of the older adults in our study had at least one NCD which is a huge challenge for the healthcare system in India with limited capacity for managing NCDs. Among those with NCDs, 49% had multimorbidity which adds to this healthcare system\'s challenge. The present study showed a high level of NCD multimorbidity (30.7%) which was similar to the 30.6% reported among older adults aged 70 years and above and higher than the 21.3% among those aged 60--69 years from an earlier study in India.[@R11] Multimorbidity prevalence was reported as 45% among adults aged 65 years and above from Kosovo,[@R18] 62% among adults aged ≥65 years from Germany[@R19] and 55% among older adults aged 77 years and above from Sweden.[@R7]

Multimorbidity becomes progressively more common with age as reported in several studies.[@R1] [@R6] [@R8] [@R20] The lower proportion of multimorbidity in our study could be due to the limited access and usage of healthcare services in India compared to the above countries. Discrimination against older adults in healthcare seeking in India could also be another reason for under-usage of healthcare services resulting in not detecting NCDs many of which are asymptomatic.[@R15]

In our study, highest prevalence of most NCDs was reported from the state of Kerala which is the most advanced state in epidemiological and demographic transition.[@R21] This could be due to the better access and use of healthcare in this state. In order to increase the access to healthcare, India will lead to increase the investments in public sector healthcare which is currently 1.4% of gross domestic product, one of the lowest in the world.[@R22]

Hypertension (21%) and diabetes (10%) were two of the most common NCDs reported in this study. However, the prevalence of hypertension by measurement in the older adults in India ranged from 55% in rural to 72% in urban areas[@R23] and diabetes prevalence among older adults aged ≥65 years was 30.4%[@R24] indicating an underestimate of self-reports of these conditions. The current Indian national programme on the prevention and control of cancer, cardiovascular disease, diabetes and stroke envisages detection and management of hypertension and diabetes among adults aged 30 years and above which is likely to increase the detection rate of these conditions even among older adults. The prevalence of cataract in our study (13%) was lower than the prevalence of unoperated cataract confirmed by doctors among people aged ≥60 years in India that ranged from 53% in south India to 58% in north India.[@R25] This indicates that the large proportion of cataract in India is undetected even after the implementation of the national programme for control of blindness in India since 1976. Hypertension and arthritis were the commonest combination of multimorbidity which was similar to that reported earlier.[@R3]

Various organisations such as the International Diabetes Federation (IDF), World Heart Foundation (WHF), Union for International Cancer Control (UICC) and World Lung Foundation (WLF) are focusing on individual chronic diseases such as diabetes, cardiovascular disease, cancer and chronic lung disease. Although the WHO has recommended integration of all the NCDs into a single national programme because of their common risk factors such as tobacco use, alcohol consumption, unhealthy diet and physical inactivity, only a few countries such as Brazil and China have such common NCD programmes at the national level.[@R26] For example, the national programme for prevention and control of cancer, cardiovascular disease, diabetes and stroke in India does not include chronic obstructive pulmonary disease. Integration of all these NCDs into a single national programme is important because of their common risk factors and because of the occurrence of multimorbidity among individuals. Recently WHO has recommended integrating mental health also into the common NCD programme.

Though the access and factors associated with hospitalisation varies between countries, more hospitalisation associated with multimorbidity seen in our study was similar to earlier findings from USA.[@R27] Hospitalisation is likely to increase the cost of healthcare. Many households are drawn below poverty line because of healthcare cost in India.[@R28] Owing to this cost factor the discrimination against the older adults, particularly women is likely to increase in India.

Our finding that older adults in the highest wealth index were more likely to be hospitalised than poorer their counterparts is contrary to the findings from the developed countries.[@R3] This is probably because of the differences in the nature of epidemiological transition between developed and developing countries. In developing countries like India prevalence of NCDs in the upper socioeconomic strata was reported to be higher compared to those belonging to the lower socioeconomic strata[@R29] whereas in developed countries the reverse trend was reported.[@R6] It was also reported that the measurement of socioeconomic status was challenging for older adults.[@R30] Moreover poor people cannot afford hospitalisation because of the high expenses involved. For example, expenditure for chronic diseases such as acute coronary syndrome was reported to be 15 times higher for poor people compared to non-poor in the Indian state of Kerala.[@R31]

Our study has several limitations. The self-reported multimorbidity has the limitation of recall bias. Along with the identification and selection bias of chronic illness using self-reports, design and methodological restrictions of the original data apparently enforce limitations in our ability to establish more inferences as the original study was not mainly intended to address multimorbidity. However, our findings are consistent with other studies. Even though sampling weights are used in the data analysis, there is a possibility of over optimistic CIs (too narrow) in some cases due to cluster effect. We only studied selected states in India and hence the findings are not generalisable to the whole of India. We are also unable to provide any information on the time of episode of illness. For defining multimorbidity we simply summed up the number of diseases present by counting all diseases equally; however, the severity of diseases was not captured. The importance of presenting this big database representative of a large population in India is the limited availability of national level data on multimorbidity, which has implications to initiate more specific studies on multimorbidity.

In conclusion, our study on multimorbidity among older adults in India found that more than 30% had multimorbidity. Older age, women, those in higher socioeconomic status, tobacco users and alcohol users were more likely to have multimorbidity compared to those with no NCD. We also found that hospitalisation rates were significantly higher among those with multimorbidity and those who belonged to the wealthier group. The self-reported morbidity in our study was an underestimate of several chronic conditions such as hypertension, diabetes and cataract. This underestimation was probably due to poor access and under-usage of healthcare services. Further studies are required to find out reasons for higher rates of multimorbidity among the wealthier group other than higher healthcare services usage and detection rates. India needs to substantially increase the public sector investment in healthcare in order to address the problem of multimorbidity and its related consequences such as higher hospitalisation. Social security of older adults in India also needs to be strengthened to address the challenge of multimorbidity.

To the best of our knowledge, none of the previous studies in India reported multimorbidity patterns and the associated determinants among older adults. NCDs in this study were self-reported, which is likely to be an underestimate of the actual prevalence in India although it was reported from developed countries that self-reports were reasonably accurate for certain chronic conditions.[@R32] [@R33]
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